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EXAMINER'S ANSWER 



This is in response to the substitute appeal brief filed 10/21/2005 appealing from the 
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(1) Real Party in Interest 

A statement identifying by name the real party in interest is contained in the brief. 

(2) Related Appeals and Interferences 

The examiner is not aware of any related appeals, interferences, or judicial 
proceedings which will directly affect or be directly affected by or have a bearing on the 
Board's decision in the pending appeal. 

(3) Status of Claims 

The statement of the status of claims contained in the brief is correct. 

(4) Status of Amendments After Final 

The appellant's statement of the status of amendments after final rejection 
contained in the brief is correct. 

(5) Summary of Claimed Subject Matter 

The summary of claimed subject matter contained in the brief is conrect. 

(6) Grounds of Rejection to be Reviewed on Appeal 

The appellant's statement of the grounds of rejection to be reviewed on appeal is 
correct. 

(7) Claims Appendix 

The copy of the appealed claims contained in the Appendix to the brief is correct. 

(8) Evidence Relied Upon 

Takashi et al. (JP 405049097 with English Language Abstract), 2-1993 
Takashi et al. (JP 405049097 Official English Language Translation), 12-2004 
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Barham, R. G., "The NPL Laser Pistonphone", Journal of Low Frequency Noise 
and Vibration, Vol. 12, No. 2, 1993, pp. 36-38. 

(9) Grounds of Rejection 

The following ground(s) of rejection are applicable to the appealed claims: 
Claims 1-5 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takahashi et al. (JP405049097 English language abstract only provided by Applicant as 
IDS document AK) in view of Barham ("The NPL Laser Pistonphone" provided by 
Applicant as IDS document AR). 

(10) Response to Argument 

Appellants argue (page 5 lines 3-9) that "there is no showing in Takashi of a high 
pressure adapter 'connected to an output of the pistonphone volume' which includes a 
tube formed as a XIA resonator having a length adapted to the excitation frequency of 
the pistonphone" nor "amplifier adapter" having "an expanded opening for sound proof 
connection to the microphone to be calibrated because the microphone of Takashi is 
directly connected to the pressure chamber 3." 

According to claim 1 of the instant invention: 

- a high pressure adapter is connected to an output of the pistonphone volume 
and a high-pressure adapter includes: 

- tube formed as a X/4 resonator having a length adapted to the excitation 
frequency of the pistonphone to amplify the sound pressure produced in the 
pistonphone volume 
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- an expanded adapter opening with a sealing ring for a soundproof connection to 
said sound pressure level sensor to be calibrated. 

Examiner maintains that Takashi in the figure shows a chamber 3 that generally 
includes the enclosed space within the body 2 and 1 . The portion of this space within 
item 2 including the space within hole 13 may be considered to be a tube and will form a 
quarter wave resonator for certain frequencies depending upon the axial position of the 
body 2 within the body 1 . A resonator is simply a hollow chamber or cavity with 
dimensions chosen to permit internal resonant oscillation of electromagnetic or 
acoustical waves of specific frequencies according to The American Heritage Dictionary 
of the English Language and the chamber shown in the figure fits within this definition. 
Below the hole 13 shown in the figure is a microphone mount 12 which is shown to be 
an opening expanded or increased in size from the hole 13. Air-tightness member 15 is 
shown in the figure within the hole 13 and is therefore considered to be substantively 
equivalent to an expanded adapter opening with a sealing ring as in the instant 
invention. The mount also serves the same intended use of providing a pressure tight 
and therefore to some degree a soundproof connection to microphone M which is a 
pressure level sensor to be calibrated (see English language abstract). As Examiner 
previously responded, it has been held that the recitation than an element is "adapted 
to" perform a function is not a positive limitation but only requires the ability to so 
perform. It does not constitute a limitation in any patentable sense. In re Hutchison, 69 
USPQ 138. In this case the axial length of the chamber 3 (along with hole 13) is 
effectively the proper quarter wave length for "the excitation frequency of the 
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pistonphone to amplify the sound pressure produced in the pistonphone volume" 
depending on a range of frequencies that may be chosen. Takashi does not inherently 
or expressly place any limits on the frequencies that may be chosen and furthermore 
the instant invention does not positively define what frequencies are required so the 
reference is certainly able to perform the intended function of amplifying frequencies 
within some range. Appellant's assertion that the features of the high-pressure adapter 
where not disclosed in the Takashi reference "because the microphone of Takashi is 
directly connected to the pressure chamber 3" is not a compelling argument because 
Examiner has shown where all the limitations are taught. The directness or indirectness 
of the connection is not considered by the Examiner to be substantively relevant. 

Appellants also allege that Examiner in the final rejection indicated "that the 
chamber 3 of Takashi is a high pressure adapter ." Examiner made no such expressed 
indication but this is partly implied as will be discussed below 

Appellants goes on to argue (page 5 lines 10-20) the pistonphone of the present 
invention is claimed as having an adjustable volume and a piston while the high 
pressure adapter is claimed as being connected to the output of the volume and that 
these feature, their interconnections and their operation are not shown in Takashi. 
Appellants argue that Examiner is attempting to show that chamber 3 is both the 
pistonphone volume and a high pressure adapter and that they cannot be both. 

Examiner considers that to some degree they may be both. The instant invention 
includes: 

- a high-pressure adapter that includes a quarter wave resonator tube and 
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- a pistonphone with an adjustable volume 

- where the high pressure adapter is connected to the pistonphone output. 
Examiner considers that Takashi shows this in the figure. Chamber 3 is an 

adjustable volume by virtue of the axial movement of body 2 within the body 1 . The 
output of the sound produced by the pistonphone will pass through chamber 3 and out 
through hole 13 into the expanded and sealed opening at 12. The chamber 3 also has 
a length that may operate as a quarter wave resonator as any chamber may act as a 
resonator as a resonator is simply a chamber where the selected frequency may be 
amplified. 

Appellants also argue (page 5 line 21 to page 6 line 14) Examiner's citation of In 
re Hutchinson in overcoming the limitation with respect to the "resonator having a length 
which is adapted to the excitation frequency of the pistonphone" is improper because 
the Hutchinson case is specifically addressed the preamble of a claim. Examiner 
maintains the rejection's reliance upon case law In re Hutchison is considered 
appropriate as at issue In re Hutchison was not the fact that the limitation following the 
phrase "adapted to" was in the preamble but the fact that the limitation followed the 
phrase "adapted to" and did not constitute a limitation in any patentable sense. The 
limitation at issue in that case being in the preamble was immaterial to the decision. 

Appellants further argue the In re Venezia decision held that "adapted to" 
functions as a limitation and that Examiner must consider those structural limitations 
that follow. Examiner agrees and Examiner did consider the limitations. However, 
Examiner continues to maintain that the resonator having a length which is "adapted to 
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the excitation frequency of the pistonphone" does not serve to further limit the structure 
beyond a requirement that resonator have a length which Takashi discloses. Moreover, 
the Takashi length is adjustable so it is adaptable in the manner of the intended use of 
the device in the instant invention for a range of frequencies. 

Finally, Appellants argue (page 6 lines 15-20) Takashi does not disclose that the 
amplifier adapter has an expanded opening for a sound proof connection to the 
microphone to be calibrated and "Takashi is not a high pressure adapter because the 
chamber 3 is that portion which is required to form the pistonphone so it cannot be both 
the pistonphone volume and the adapter connected to the pistonphone. 

Examiner maintains that bodies 1 and 2 of Takashi include all the portions of a 
"high-pressure adapter" claimed by Appellants. Chamber 3 is a tube-like formation 
within the bodies serving to inherently function as a resonator as a resonator is simply a 
chamber that may amplify sound by its length. Mount 12 is an expanded opening in the 
body 2 and serves the intended use of providing an airtight (therefore to some degree 
sound proof at least in the same manner as disclosed by Appellant) to the microphone 
M to be calibrated. As previously stated, the bodies 1 , 2 with chamber 3 are indeed to 
some extent both the pistonphone volume and adapter connected to the pistonphone. 
Likewise, one could make the argument that Appellants invention shown in figure 1 of 
the disclosure having a continuous volume at items 5 and 6 are both a pistonphone 
volume and adapter connected to the pistonphone. 



Application/Control Number: 10/089.735 



Page 8 



Art Unit: 2856 

From page 6 line 20 to page 7 line 2, Appellant recite features of the instant 
invention but provide no argument against the prima facie case presented by the 
Examiner so no answer Is presented in reply. 

Appellants also state that Examiner's reliance on Barham as a secondary 
reference in rejection under 35 (JSC § 103 adds nothing towards meeting the claimed 
limitations. However, Examiner considers this was necessary to teach a pistonphone 
capable of selected excitation frequencies, which was not expressly, nor In Examiner's 
view inherently, disclosed by Takashi. 

(11) Related Proceeding(s) Appendix 

No decision rendered by a court or the Board is identified by the examiner in the 
Related Appeals and Interferences section of this examiner's answer. 

For the above reasons, it is believed that the rejections should be sustained. 
Respectfully submitted. 
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[Claim(s) ] 

[Claim U Large sound pressure provision device for measuring 
and calibrating microphone characteristic comprising (1) a pressure 
chamber varying means consisting of a casing which demarcates a 
pressure chamber by freely adjusting the volume and a piston 
reciprocating with a cylinder hole opened toward the pressure chamber 
and the operation of a cam, and (2) a microphone mount in which a 
measured microphone is mounted to the casing in a way of facing the 
pressure chamber with air- tightness member. 

[Claim 2] Large sound pressure provision device for measuring 
and calibrating microphone characteristic according to Claim 1, 
wherein said casing is configured of two cup shaped main bodies 
screwed directly and indirectly. 

[Detailed Description of the Invention] 

[0001] [Industrial Application] 

This invention relates to the large sound pressure addition 
equipment for microphone characteristic measurement and calibrating. 

[0002] [Description of the Prior Art] 

Distortion- rate property in large sound pressure is one of the 
acoustic features of a microphone. To measure and calibrate the 
distortion-rate, the large sound pressure of about 140 dB is applied 
to a standard microphone and a measured microphone, and the 
properties of both in that case are compared. In the prior art, the 
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following means are taken as a means to apply the large sound 
pressure. 

[0003] A microphone is installed at a predetermined site in the 
front of a speaker connected to a synthesizer or the like through a 
power amplification device in an anechoic chamber, and large sound is 
generated from a speaker by the synthesizer. 
[0004] [Problem (s) to be Solved by the Invention] 

As a means to apply the large sound pressure of about 140dB to a 
microphone using a loudspeaker in the above-mentioned prior art, an 
anechoic chamber is required. In addition, the equipment itself must 
be configured as large-scale. This invention offers a small and 
simple large sound pressure addition means. 
[0005] [Means for Solving the Problem] 

To solve the problem described above, this invention provides a 
large sound pressure provision device for measuring and calibrating 
microphone characteristic comprising a pressure chamber varying means 
consisting of a casing configured of two cup shaped main bodies 
screwed directly and indirectly for demarcating a pressure chamber by 
freely adjusting the volume and a piston reciprocating with a 
cylinder hole opened toward the pressure chamber and the operation of 
a cam, and a microphone mount part in which a measured microphone is 
mounted to the casing in a way of facing the pressure chamber with 
air-tightness member. 
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[0006] [Function] 

The volume of a pressure chamber can be adjusted by providing 
relative rotations of the two cup-liJce bodies connected with screws, 
allowing said bodies to mutually move forward and baclcward. Then, 
the volume of a pressure chamber is set to a predetermined value. 
The microphone connected to the external measuring instrument is air- 
tightly mounted to a microphone mount part and is positioned to face 
to a pressure chamber. 

[0007] Then, a piston provides reciprocation movements of a 
predetermined stroJce by periodic operation of a cam. Since the 
volume V of the pressure chamber is increased in a range of AV with 
the reciprocation at a prescribed stroke of a piston caused by the 
periodic operation of the cam, the inner pressure in the preissure 
chamber is increased/decreased in a range of A=Kx (AV/V) periodically. 

[0008] As a result, a sound pressure AP adjusted optionally is 
exerted to the microphone. V is adjusted by relative rotation of two 
cup- like bodies as mentioned above, and change of AV is correctly 
prescribed by the cam. Therefore, the .sound pressure of arbitrary 
magnitude can be applied to a microphone. Thus, the output generated 
by applying the sound pressure of arbitrary magnitude to a microphone 
is detected by an external measuring instrument to allow measurement 
of large sound pressure property. 
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[0009] [Example) 

The following will explain large sound pressure addition 
equipment for measuring and calibrating the microphone property of 
this invention according to a drawing. As shown in Fig. 1, the 
outside cup-like body 1 and the inside cup-like body 2 are positioned 
nest-like to configure a cylindrical pressure chamber 3. In this 
case, screws are engraved on each of the inner peripheral surface of 
the outside cup- like body 1, and the outer peripheral surface of the 
inside cup-like body 2, thus allowing thread part 4 of the inner face 
of the outside cup-like body 1 and the thread part 5 of the outer 
face of the inside cup- like body 2 to be screwed. Note that the 
outside cup-like body 1 and the inside cup-like body 2 may be 
arranged to have the same diameter, thereby being joined by other 
screw-thread rings. 

[0010] A protruding part 6 (for example, cylindrical shape 
protrusion), protruding toward the inner direction is formed in the 
center section of the bottom of the outside cup-like body 1. While a 
cam room 8 where a plate cam 7 is held in the axial circumference of 
the protrusion 6, being arranged to freely rotate, is formed in the 
center section of the protrusion 6, the revolving shaft 9 of the 
plate cam 7 penetrates the core of the protrusion 6 and is connected 
to a motor (not shown) positioned at the exterior of the outside cup- 
like body 1. Furthermore, the cylindrical holes 10, 10 penetrating 
into the pressure chamber 3 from the cam room 8 in the diameter 
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direction, wherein a free piston 11 of the cross section A is fitted 
in each cylindrical hole 10, and the inner end face of each free 
piston 11 is contacted by the cam side of a plate cam 7 • 

[0011] The cam face of the plate cam 7 is arranged to provide a 
simple harmonic motion of stroke S in a cycle of 2n per rotation to a 
free piston 11. The cylinder piston system may be a single unit, 
other operational systems, or the like. 

[0012] The outer microphone mount hole 12 and inner connection 
hole 13 form steps 14 from the outer area toward the pressure chamber 
3 and connected/opened on the coaxial line at the center area of the 
bottom of the inside cup-like body 2. Also, an 0 ring 15 is attached 
in. the inner surface of the microphone mount hole 12. 

[0013] The following explains the operation and function of the 
large sound pressure addition equipment. The volume of the pressure 
chamber 3 is adjusted by relatively rotating the outside cup-like 
body 1 and inside cup-like body 2 connected with screws (screws 4, 5) 
for providing the forward and backward movements to the inside cup- 
like body 2 against the outside cup-like body 1. Thus, the volume of 
the pressure chamber 3 is set to the predetermined value V. 

[0014] The microphone LARGE SOUND PRESSURE PROVISION DEVICE FOR 
MEASURING AND CALIBRATING MICROPHONE CHARACTERISTIC connected to the 
external measurement instrument (not shown) is fitted in the 
microphone mount hole 12, Hence, when the outer peripheral face of 
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microphone M engages with the 0 ring 15, the air- tightness of the 
pressure chamber 3 is maintained. 

[0015] Then, by rotating the revolving shaft 9 at a 
predetermined rotational frequency using a motor, the plate cam 7 
rotates, thereby making the free pistons 11 and 11 produce a simple 
harmonic motion of stroke S at a fixed frequency. 

[0016] Then, since the volume V of the pressure chamber 3 is 
fluctuated in the range of AV=2AS at a fixed frequency by the simple 
harmonic motion of free pistons 11 and 11, the internal pressure in 
the pressure chamber 3 is fluctuated in the range of AP=Kx (AV/V) at 
a fixed frequency. 

[0017] Consequently, the sound pressure of AP is added to the 
diaphragm of microphone M. V is adjusted by relative rotation of the 
outside cup- like body 1 and the inside cup- like body 2 as mentioned 
above, while the change of S (i.e., AV) is correctly prescribed by 
the plate cam 7. Therefore, the sound pressure of the arbitrary 
magnitude can be applied to the diaphragm of. microphone M. 

[0018] Thus, the sound pressure of arbitrary magnitude is 
applied to microphone M, hence allowing the large sound pressure 
property to be measured by detecting the output with an external 
measuring instrument (not shown) . 
[0019] [Effect of the Invention] 

The large sound pressure addition equipment for microphone 
property measurement and calibration of this invention is simply 
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structured and can apply a freely adjustable arbitrary sound pressure 
to measuring microphone arbitration. The sound pressure prescribed 
by the configuration of a rotating cam has high reproducibility. 
Moreover, when operating the equipment, an anechoic chamber and 
vibration/ sound proofing device are not required. 
[Brief Description of the Figures] 

[Figure 1] Sectional view of the large sound pressure addition 
equipment for microphone property measurement and calibration used in 
the example of this invention. 
[Description of Notations] 

1...0utside Cup-like Body; 2..Jnside Cup-like Body; 3...Pressure 
chamber; 4...Five Thread part; 6...Lobe; 7...Plate Cam; 8...Cam Room; 
9...Revolving Shaft; 10...Cylinder Hole; ll...Free Piston; 12.,.Microphone 
Wearing Hole; 13...Free Passage . Hole; 14...Step; 
15...0 Ring 
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Figure 1 




9 




PATENT ABSTRACTS OF JAPAN 

(11)Publicatjon number: 05049097 A 

(43)Date of publication of 
application: 26.02.93 



(51)lnt CI H04R 29/00 



(21) Application number 03230864 

(22) Date of filing: 19.08.91 



(71}Applicant: ONO SOKKt CO LTD 



(72)lnventor: 



HASHIZUME TAKASHI 
SAKAI MASAHIKO 
FUKUSHIMA SUSUMU 
MIKAMI KEIJI 
IKEDA TADASHI 
YAMAMOTO HIROSHI 
OHASHI MASANAO 



(54)LARGE SOUND PRESSURE PROVISION 
DEVICE FOR MEASURING AND 
CALIBRATING MICROPHONE 
CHARACTERISTIC 

(57)Abstract: 

PURPOSE: To realize the small sized and 
simple sound pressure provision device for 
measuring and calibrating the microphone 
characteristic )^not requiring installation such 
as an anechoic chamber. 

CONSTITUTION: A large sound pressure 
provision device is provided v^h a pressure 
chamber varying means consisting of a casing 
in which two cup shaped main bodies 1,2 are 
screwed directly indirectly to partition a 
pressure chamber 3 freely adjusting the 
volume, of a piston 11 ^ reciprocating with a 
cylinder hole 10 opened toward the pressure 
chamber and the operation of a cam 7, and 
with a microphone mount part 12 in which a 
measured microphone is mounted to the 
casing in a way of facing the pressure 
chamber with air-tightness member 15. jSince 
the volume V of the pressure chamber is 
increased In a range of AV=2AS vwth the 
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reciprocation at a prescribed stroke of a 
piston caused by the periodic operation of the 
cam, the inner pressure in the pressure 
chamber is increased/decreased in a 
range of A=Kx(AV/V) periodically, resulting 
that a sound pressure AP adjusted optionally 
is exerted to the microphone. 
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1. Introduction 
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The last decade has seen signincant development in the capabilities of acoustical 
measuring instruments. Alongside the rapidly improving technology, there has been a 
growing need to demonstrate the quality of acoustical measurements themselves. In 
the UK, this can be achieved by gaining accrediution from a body such as the 
National Measurement Accreditation Service (NAMAS). However, regardless of 
whether formal accreditation is deemed necessary, it is good practice to follow the 
requirements of organisations such as NAMAS. One imponani aspect is to ensure 
that measurements are ultimately traceable to a primary standard. Without this, the 
measurement has no basis and its accuracy cannot be assessed. In acoustics the 
primary quantity is sound pressure and the standard is realised in terms of the sen- 
sitivity of a microphone. It is the task of the National Physical Laboraioty (NPL) to 
maintain this standard for the UK and to provide access to ii through calibration 
services. 

Laboratory standard microphones' can be calibrated with greatest accuracy by the 
reciprocity method using a closed acoustic coupler^. The method is now well 
established for one-inch and half-inch microphones and is used up to a frequency of 
20 kHz. There is however a lower limit to the frequency range, which is set by how well 
a pair of microphones can be coupled by a small vented volume. Consequently, recip- 
rocity calibrations are not normally performed below 63 Hz at NPL The assumptions 
and practicalities of the reciprocity method also limit the types of devices that can be 
calibrated. To provide standards below 63 Hz and to enable a wider selection of mic- 
rophone types to be calibrated, a special pistonphone has been developed at NPL. 

The so-called laser pistonphone is an absolute calibration device for measurement 
microphones. It operates at variable frequency and sound pressure level settings, the 
latter being calculable from laser interferometric measurements, from which the 
device derives its name. 
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Figure I. Layout of the laser pistonphone. 
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2. The Laser Pistonphone 



The laser pistonphone is similar in principle to commercialty available pislonphones 
in that the sinusoidal motion of a small piston generates a uniformly distributed 
acoustic pressure within a closed cavity. The laser pistonphone has a cylindrical cavicy 
which is 60 mm io length and diameter, with a 15 mm diameter piston housed in one 
end face and a microphone port located half way along the length ofthe cylinder With 
this geometry, illustrated in Figure 1. operation to a maximum frequency of 250 Hz is 
possible with less than ±0.03 dB uncertainly due to acoustic pressure non-uniformiiy 
in the cavity. The laser pistonphone is however primarily a low-frequency device. The. 
lower frequency limit of operation ts governed by the amount of pressure leakage that 
occurs around the microphone seal and from the gap betueen the piston and its guide. 
The limit is determined by measuring the lime constant ofthe static pressure decay 
resulting from a step input to the cavity, and is in the range 0.5 Hz to 1 Hz. 

The sound pressure can be calculated from the following equation, which is 
derived from the adiabattc gas law. 



YPond^6; 



iX 



4V 

where y is the ratio of principal specific heats for air, Pq is the atmospheric pressure, d 
is the diameter and &x the displacement ofthe piston and V the volume ofthe cavity. A 
simple Michelson laser interferometer, employing fringe counting, is used to measure 
the displacement ofthe piston, which is of the orderof 1 mm. Sound pressure levels are 
typically iii the range 80 dB to 130 dB. however this can be increased to 160 dB 
when necessary. 

The typical sound pressure level is sufilcicnily high for measurements not to be 
affected greatly by external acoustic noise» but vibration is a potential problem. It is 
necessary for the pistonphone and interferometer to be rigidly fixed to a common 
structure that eliminates relative movement between these two components. This 
would otherwise cause errors in the determination of the cavity acoustic pressure. 
Further steps are taken to reduce mechanical vibration that might be picked up by the 
test microphone and the whole assembly is mounted on an a nti* vibration table. 

3. Applications of the Laser Pistonphone 

There are several potential applications for a device such as this. So to allow it to be as 
versatile as possible the laser pistonphone was designed so that the main acoustic 
cavity is interchangeable. Several cavities have been manufactured to perform dif- 
ferent tasks and others can be produced as applications arise. 

3.1 Absolute calibration of microphones 

Two cavities, each with a very well defined shape and volume have been produced for 
determining the pressure sensitivity of laboratory standard microphones. The open- 
circuit output voltage of the microphone is measured by the insert-voltage method and 
the acoustic pressure in the cavity is calculated from the measured displacement ofthe 
piston. This allows the pressure sensitivity of the microphone (the quotient of the 
above quantities, expressed in dB re 1 V/Pa) to be determined. The uncertainty in the 
calibration is ±0.05 dB for frequencies between 63 Hz and 250 Hz. increasing ±0.2 dB 

l^Hzand ±0.3dBat 1 Hz. The major components of this uncertainty arc uncertain- 
ties in the volume ofthe cavity, the diameter ofthe piston, and at very low frequencies, 
the pressure leakage from the cavity. 

This is an important application that benefits many types of to^'>-frequency sound 
measurement By providing a means of absolute calibration, the laser pistonphone 
allows the primary standard for sound pressure to be extended to 1 Hz. 

3.2 Calibration by comparison 

Some types of measurement microphones pose calibration difficulties and the laser 
pistonphone can address this problem over its working frequency range. Measure- 
ment microphones can be calibrated by comparison with a reference microphone in a 
cavity that has two ports. This allows the two microphones to be exposed to the same 
acoustic pressure simultaneously. This cavity can be adapted to accommodate most 
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commercially available microphone types. Calibration by comparison achieves 
higher accuracy than absolute calibration in the laser pistonphonc for a non-standard 
microphone because the microphone itself may add an ill-denned and uncertain 
volume to the cavity. 

Comparison calibrations have an uncertainly of ±0.06 dB ai moderate frequen- 
cies, increasing to ±0.2 dB at 15 Hz and further still at lower frequencies. Although the 
acou.stic pressure need not be determined in this application and does not therefore 
. contribute to the uncertainty in the calibration, the uncertainty in the sensitivity of the 
reference microphone significantly inOuences the overall accuracy. The reference 
microphone itself may have to be calibrated in the laser pistonphone. by the absolute 
method above, if the frequencies of interest for the test microphone lie below 63 
Hz. 

3.3 Other Applications 

As well as having applications in calibration, the laser pistonphone provides for a 
number of other uses. It can be used to study the Iow»frequency performance of mic- 
rophones: with only the diaphragm exposed the pressure response can be studied and 
by inserting the whole microphone capsule into the cavity, thus exposing the equalisa- 
tion vent, the free-Held response can be measured. Using a two-port cavit>\ the relative 
phase responses of a pair of microphones can be measured. The relative phase res- 
ponse is imponant in sound intensity measurement applications. The laser pis- 
tonphone has also provided an independent check on the accuracy of the reciprocity 
method of calibration. Preliminary measurements have shovtm agreement within 
±0.05 dB in the frequency range 63 Hz to 250 Hz. 

4. Conclusions 

\Vhc ^^ser pistonabft nejigi^b^^^^^ 




The laser pistonphone is now operational and availa6le for use in measurement 
services from NPL. 
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